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Section 1: Executive Summary 
The aim of this report is to determine the costs associated with the externalities of #2 fuel 
oil, natural gas, biomass, and renewable fuel oil. Externalities occur when a market transaction 
imposes costs on parties external to that transaction. These four energy sources are options Bates 
College is considering for heating its campus, either through the central steam plant or separate 
boiler systems. Evaluating the costs of these externalities will provide a picture of the true cost of 
energy, allowing the school to make a decision with complete information regarding the 
implications of using these energy sources. 
The methodology for estimating the cost of externalities differs for the two groups of 
energy sources. The values for #2 fuel oil and natural gas largely follow the methodology of the 
ExternE report of the European Commission, in which empirical modeling and case studies 
provide for the estimates of various externalities of fuel sources used across Europe. The 
findings of the ExternE report are supplemented with outside literature in order to confirm that 
the ExternE methodology is valid, and to provide additional externality cost information lacking 
in the report. This study finds that there are a range of externality costs associated with the use of 
#2 fuel oil and natural gas, from the costs of health effects to atmospheric pollution. 
Biomass and renewable fuel oil follow similar methodologies in terms of evaluating the 
costs of externalities. Various sources of literature are used to determine the possible 
mechanisms in which externalities may exist through the use of these energy types, and to 
determine their impact in terms of a monetary value. As these two energy sources are very recent 
additions to the market, reports beyond those available in the academic literature are also relied 
upon to provide information. One of the major contributors to externalities associated with 
renewable fuel oil is the Pacific Northwest National research Lab (PNNL). This report finds that 
the externality costs associated with biomass and renewable fuel oil are minimal compared to the 
other energy sources, as the primary externality costs are associated with the transportation of 
these materials. 
The results of this study are reported as lower bounds for fossil fuel externalities and 
upper bounds for renewable fuel externalities. By reporting the renewable fuel externalities as 
3 
upper bounds, we can show the worst-case scenario associated with renewables. This will 
provide a contrasting figure to our minimum conservative values for fossil fuels that show the 
best-case scenario. These values are estimates due to our understanding that certain impacts 
cannot be valued monetarily given the complexity of the relationships among these energy 
markets, the economy, and the environment. The final value of all externality costs for each fuel 
source is presented in Table 1. 
 
Table 1: Total Externality Costs in 2014 USD 
Fuel 
Source 
Market Cost 
per mmBTU
1 
Externalities 
Cost per 
mmBTU
2 
Percent Increase in Cost 
with Externalities Included
3 
Annualized cost 
of externalities
4 
 
#2 Fuel Oil $14.90 $146.00 980% $12,300,000 
Natural 
Gas 
$15.50 $44.66 288% $3,580,000 
Biomass $13.20 $15.51 118% $1,202,000 
Renewable 
Fuel Oil 
$7.50 $8.45 113% $676,000 
  
Section 2: Project Introduction and Background 
         Since 1855, Bates College has produced forward-thinking, global citizens committed to 
equality, justice and the love of learning. Students use this learning to wield knowledge as a 
means of change and inspire student research. In keeping with this ideology, the Bates 
Environmental Studies Program prepares students to address interactions between humans and 
the non-human in order to reveal constructive approaches for how we might better coexist as a 
community and as global citizens. This report applies such ideas to the study of energy sources 
currently available to Bates, and their associated externality costs. 
         Externalities from the human processes of energy production represent true costs, yet 
remain outside the energy producer-consumer market. Damages from extraction, processing, and 
                                               
1
 This is the amount Bates College currently pays, or would pay given current market conditions. 
2
 These are the externality costs calculated for this paper, which are social costs not including the aforementioned market cost. 
3
 This value reflects the additional percent increase in price due to inclusion of externalities to the market cost. 
4
 The annualized cost is the total externality price of using a fuel as the primary source of energy in the central steam power plant. 
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combustion of energy sources cause human health impairments, occupational mortality, 
infrastructure expenses, climate change impacts, and ecosystem damages.
5
 Our study seeks to 
better identify the true cost of energy consumed at Bates and quantify these damages, hopefully 
in order to spark a productive conversation about alternative energy options on campus.. 
         While Bates does not directly pay for all the costs of its energy production, these 
consequences are still borne out elsewhere within the economy: pollution-induced health care 
costs, cleanup and restoration of environmental damages, property repairs resulting from 
processing and transporting incidents, soil erosion from timber harvesting, and occupational 
mortality.
6
 Considering these external costs of fuel consumption in decisions of what fuel to use 
would advance Bates College’s “commitment to responsible stewardship of the wider world.”
7
 
Changes in energy source composition are inevitable if the college is to reach its proposed goal 
of emissions neutrality by the year 2020.
8
 
Bates energy consumption serves primarily to provide hot water and ambient heat to 
campus buildings throughout the year via a steam pressurized system. While the cold Maine 
winters make central heating systems necessary, how energy needs are met remains open to new 
possibilities and discussion. Our report thoroughly explores the externality costs of four fuel 
sources either in use or available to Bates. These include #2 fuel oil, natural gas, wood pellet 
biomass, and renewable fuel oil (RFO). Using data and observations available in the literature, 
we have estimated costs in 2014 USD/mmBTU, of the key externalities associated with each 
source; should the data and calculations be desired, the excel spreadsheets used in these 
calculations will be uploaded on SCARAB. 
                                               
5
 Cohen, Mark A, “Costs and Benefits of Oil Spill Prevention and Enforcement,” Journal of Environmental Economics and 
Management 2 (1986), 167-188; Friedrich, Rainer, Krewitt, Wolfram, Mayerhofer, Petra, Truchenmüller, Alfred, and Greβmann, 
Alexander,  “ExternE Externalities of Energy: VOl.4 Oil and Gas,” Brussels: European Commission, 1995. Intergovernmental Panel 
on Climate Change “Climate Change 2014: Synthesis Report.” Contribution on Working Groups I, II and III to the Fifth Assessment 
Report of the Intergovernmental Panel on Climate Change [Core Writing Team, R.K. Pachauri and L.A. Meyer (eds.)], IPCC, 
Geneva, Switzerland, 2014. 
6
 Friedrich et al, “ExternE Externalities of Energy, European Commission, 1995;  
Intergovernmental Panel on Climate Change “Climate Change 2014: Synthesis Report,” 2014. 
7
 Bates Mission Statement, 2015. 
8
 Bates College Sustainability, Climate Statement, 2015. http://www.bates.edu/sustainability/climate/. 
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Section 3: Externalities Background 
              In determining pricing structures, energy companies use factors such as fuel costs, 
capital costs, and production-plant lifespans to determine the most affordable method of energy 
generation. This process gives limited consideration to more indirect, or external, impacts of the 
energy economy, including environmental damage and social costs. The failure to reflect on 
externality values represents a significant inefficiency in economic markets. The inclusion of 
externalities in our energy supply choices would allow Bates to determine the most economically 
efficient energy source, considering not only traditional monetary costs and benefits, but also 
environmental preservation, human health, and long-term stability.
9
  
         In the energy market, externalities refer to total fuel cycle costs not incorporated into the 
energy market cost structure. Our report accounts for such externalities throughout the entire fuel 
cycle, including as many of the physical and chemical processes and activities required to 
generate energy from a source--from primary resource extraction and preparation, transportation 
and storage of resources, processing and conversion, to disposal--as possible.
10
 
Section 4: #2 Fuel Oil Externalities 
4.1 Introduction 
         Bates uses an average of 130,000 gallons of #2 fuel oil per year, primarily to heat houses 
on Wood Street and Frye Street. #2 fuel oil (also known as #2 heating oil or home heating oil) is 
a petroleum product produced from crude oil. The extraction process normally involves some 
combination of underground pressure, water injections into the well, steam pressure injections, 
the release of various gases to form a “cap” to create pressure and draw oil to the surface, and 
pressurized chemical injections.
11
 The crude oil itself is a mixture of liquid hydrocarbons formed 
within the Earth’s surface, which remain viscous upon extraction.
12
 The refining process from 
                                               
9
 Roth, Ian F., and Lawrence L. Ambs. “Incorporating externalities into a full cost approach to electric  power generation life-cycle 
costing.” Energy 29 (2004): 2125-2144. 
10
 US Energy Administration, “Glossary,” 2015.  
11
 American Petroleum Institute, “Exploration and Production”, http://www.api.org/Oil-and-Natural-Gas-Overview/Exploration-and-
Production.  
12
 Energy Information Association, “Frequently Asked Questions,” 2014.  
6 
crude to #2 oil involves two main steps: Separation, or the distilling process by which crude oil is 
separated into constituent parts for further refining; and conversion, or the chemical process by 
which these distillates are altered to better serve their intended use.
13
  
         Key externalities of #2 fuel oil consumption occur both in production and combustion. 
Production-related externalities include damages from oil spills and occupational hazards from 
extracting the resource. Combustion externalities include the effects of emissions particulates 
upon human health, damages to crops from chemical precipitation, and climate change impacts 
tied to the release of greenhouse gases such as carbon dioxide into the atmosphere. Following are 
the assumptions, methodology, and results of our effort to approximate these externalities in 
order to inform the institution of the consequences of its energy choices.  
4.2 Occupational Health Effects 
         Numerous studies have shown that occupations involved in the physical extraction of 
petroleum products have above-average injury and mortality rates.
14
 Such costs are external to 
the market price of oil, yet have a real economic impact that we attempt to measure 
         In calculating these values, our primary assumption is that average increases in death per 
unit of energy produced are similar across different oil extraction operations. Data in the ExternE 
report come from records of United Kingdom and Norwegian oil operations in the North Sea; we 
are assuming that such incident rates are roughly similar in other extraction sites, such as the 
Gulf of Mexico. The method of valuing mortality used is to multiply the rate of incidence by the 
Value of Statistical Life (VSL). This is an economic tool estimating the value of a marginal 
change in the rate of death, and is used in many applications, including governmental cost-
benefit analysis. For our study, we use the EPA’s estimate of the VSL, which is about 7.4 million 
2014 USD.
15
 The ExternE report by the European Commission provides data on number of 
incidents per unit of oil energy produced; this fraction is multiplied by the EPA VSL, and then 
converted from the KwH to BTU energy unit. The resulting estimate is approximately $0.0302 
2014 USD/mmBTU. 
                                               
13
 Wansbrough, Heather, “Refining Crude Oil,” The New Zealand Refining Company Ltd.  
14
 Bureau of Labor Statistics, “Census of Fatal Occupational Injuries.” Released September 2015.  
15
 Environmental Protection Agency, 2015. 
http://yosemite.epa.gov/EE%5Cepa%5Ceed.nsf/webpages/MortalityRiskValuation.html#whatvalue 
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The extent to which occupational injuries constitute a true “externality” remains 
contentious. In perfectly efficient market theory, the wages paid to oil workers would fully 
encompass and compensate for the risks associated with the job. However, a perfectly efficient 
labor market is unlikely to occur in reality: companies may not present all hazard information to 
employees, employees may not fully understand the possible hazards, and either party may not 
perceive the hazards from catastrophic failures and unpredictable accidents. Thus, this study 
includes the costs of lost life via occupational hazards. For sensitivity analysis, these costs 
represent such a small portion of the total costs that omission does not alter the results in a 
statistically significant way. 
4.3 Public Health Effects 
         Burning #2 fuel oil releases not only greenhouse gases (GHG) but also particulate matter 
(PM), sulfur dioxide, and various nitrous oxides, which can damage the human respiratory 
system.
16
 Increases in the ambient atmospheric concentration of these types of pollutants 
increase the incidence rate of many respiratory conditions. The public health impacts of 
particulate emissions presented here include changes in the incidence rate of asthma, acute 
respiratory damage, COPD, and mortality. As these effects occur outside the market transaction 
between oil producer and oil consumer, pollution-induced ailments from combustion represent a 
true cost external to the market price Bates pays for #2 heating oil. 
         To feel confident in our calculations, we only consider the costs of public health damages 
from PM10, or ambient particulates with a diameter of 10 micrometers or fewer. Data on the 
increased incidence of eight respiratory treatments, and the population mortality rate, per percent 
increase in micrograms of PM10  per cubic meter of air come from studies employed by 
ExternE.
17
 The document provides a range of possible incidence rates, and, in the interest of 
being conservative, we use the lowest rate estimates. Data on the release of PM10 per gallon of 
#2 fuel oil burned come from the 2014-2015 Bates EPA Energy Statement, an annual emissions 
statement.
18
 The percent increase is calculated from the baseline ambient PM10 concentration 
per cubic meter recorded in Lewiston; while the most recent data comes from 2004, we feel that 
                                               
16
 Friedrich et al, “ExternE Externalities of Energy, European Commission, 1995, 100.  
17
 Ibd. 103-106 
18
 Bates Energy Report 2014-2015. 
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this number still provides a more reasonable estimate of actual PM10 concentration near Bates 
than using the national 2014 average.
19
 In a sensitivity test, our final results are similar regardless 
of which concentration we use. 
         Determining the ambient PM10 concentration per cubic meter of air that results from 
Bate’s PM10 emissions requires meteorological modeling experience and tools beyond the scope 
of this report. However, assuming that all PM10 emissions follow relatively similar dispersion 
rates, and given the estimate that most PM10 emissions do not travel further than a 2069-meter 
radius,
20
 the ambient increase in PM10/cubic meter of air is estimated as the total PM10 
emissions divided by the volume of a hemisphere with a radius of 2069 meters. While this 
assumption decreases study accuracy, the number seems the best estimate available without 
utilizing sophisticated climate modeling. 
         The remainder of the procedure involves translating the percent increase in PM10/ cubic 
meter from 1 gallon of oil combustion to PM10/mmBTU of energy produced, multiplying this 
value times the negative health incidence rate per percent increase in PM10, and then by the cost 
of coping with that particular health impact. The average cost of treatment is based on the United 
States healthcare system, using data provided from the Centers for Medicare and Medicaid 
Services.
21
 The final cost in 2014 USD/mmBTU equals $5.00. 
4.4 Soils and Crops 
         Sulfur dioxide emissions create an array of polluting compounds in the atmosphere that 
can precipitate onto agricultural fields and negatively impact crop growth.
22
 While the precise 
impact pathways are complex and not completely understood, much work has been done to 
suggest that there exists an observable impact of ambient sulfur dioxide air pollution on crop 
yields.  In the United States, much work was done on this issue during the 1980s and 1990s; 
these studies remain the primary sources of crop dose-response functions. Key sources 
frequently referenced include Weigel et al. (1990), Roberts (1984), and Baker et al. (1986). 
                                               
19
 Environmental Protection Agency, “Particulate Matter: Air Trends,” 2015. http://www3.epa.gov/airtrends/pm.html 
20
 Godoy, S.M., Mores, P.I., Santa Cruz, A.S.M., and Scenna, N.J, “Assessment of impact distances for particulate matter 
dispersion: A Stochastic Approach,” Reliability Engineering and System Safety 94, (2009), 1662 
21
 Centers for Medicare and Medicaid Services, “Visualizing Hospital Pricing,” Data presented by Beehive Media. Costs as of 2013. 
22
Friedrich et al, “ExternE Externalities of Energy, European Commission, 1995,138. 
9 
         The dose-response function from Weigel et al. (1990), as provided in the ExternE study, 
is used for our calculations.
23
 The formula estimates the percent decrease in wheat yields at 
incremental levels of sulfur above 30 μm/m
3
. The average ambient sulfur concentration in 
Lewiston for 2003 (the most recent report available) was around 90 μm/m
3 
(EPA “Sulfur”).
24
 
Since this number is well above the baseline of 30 μm/m
3
, it is appropriate to use the Weigel et 
al. response function equation. 
 
 
         The EPA emissions testing laboratories provides information on emissions of sulfur per 
gallon of #2 fuel oil burned.
25
 As with PM10 above, the actual emissions rate is a fraction of this 
value and was calculated from the Bates college 2014-2015 emissions report.  Again due to a 
lack of access to precise atmospheric modelling, the effects of #2 fuel oil emissions on ambient 
sulfur concentrations were estimated using an average relationship between source emissions and 
local concentrations.
26
 Because the study in question was looking at East Asia and the West 
Coast of the United States, transferring these values to the Bates system represents a rough 
estimate of emissions impacts.  
         Dispersion calculations are used to estimate the relationship between emissions of sulfur 
dioxide per unit of fuel oil burned at Bates, in order to calculate the subsequent increase in 
ambient sulfur in the greater L-A area. Unit conversions are used to translate the data into 
ambient sulfur in μm/m
3
 per BTU of #2 fuel oil energy. This increase in ambient pollution can 
then be plugged into the Weigel et al. equation to estimate the percent decrease in wheat yield 
per BTU. This percentage value of the price in 2014 USD per ton of wheat estimates the 
economic costs of reduced yields due to sulfur dioxide pollution, and measures approximately 
$2.39 2014 USD/mmBTU. While there is a fair degree of uncertainty associated with our 
estimate, we consider it reasonable given that wheat is a rather low-value crop compared to the 
vegetable and apples primarily grown in this area of the country. Even if our estimate of wheat 
loss is high, the cost of such yield loss is low enough that, in terms of Bates’ likely impact, the 
overestimate in crop loss is compensated by an underestimate in crop value. Even after changing 
                                               
23
Ibid. 180. 
24
  Environmental Protection Agency, “Sulfur Dioxide: Air Trends,” 2015. http://www3.epa.gov/airtrends/sulfur.html 
25
 Environmental Protection Agency,“AP 42- Compilation of Air Pollutant Emissions Factors Volume 1: Stationary Point and Area 
Sources,” Office of Air and Radiation, 1995. 
26
 Liu, J. Mauzerall, D.L., and Horowitz, L.W, “Source-receptor relationships between East Asian sulfur dioxide emissions and 
Northern Hemisphere sulfate concentrations,” Atmospheric Chemistry and Physics 8, (2008), 3729. 
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the order of magnitude plus or minus one, our estimates of the total cost of damages to all crops 
associated with burning #2 fuel oil at Bates are likely non-negligible.  
4.5 Oil Spills 
         While not widely reported, every year a sizeable amount of oil spills into United States 
waterways via “small” accidents involving fewer than 5000 gallons.
27
 This study quantifies the 
average annual economic costs of oil spills, both from the loss of economically valuable species 
and the labor, time, and resources diverted to spill cleanup. While ExternE does not calculate 
these types of costs, there is both data and research available to approximate this externality 
within the United States’ jurisdiction. 
         The United States Coast Guard provides data on all recorded oil spills by spill size, and 
the annual total oil volume spilled, within US waterways from 1973 to 2011. From this dataset, 
we calculate a yearly average of oil spills by spill size and an average annual volume of oil 
spilled. A meta-analysis by Cohen
28
 of the observed costs for a variety of sizes of oil spills is 
then used to approximate average annual economic costs. The measures for which Cohen 
provides the most data and the most confidence are cleanup costs, estimated by spill size and 
observed cleanup cost for events such as the Oakland Estuary spill of 1973 (171,000 gallons) and 
the Amoco Cadiz spill of 1978 (66 million gallons). Here, we are forced to make a key 
assumption that the costs of cleanup for oil spills have remained relatively stable over time. As 
justification, we assume that, over time, an increase in available oil control technologies 
compensates for the decrease in price of older technologies. The economic costs of commercially 
valuable species are used as a proxy for ecological costs. Given that certain species such as 
dolphins have non-observable value through tourism, existence value, etc., the estimate given 
here represents a highly conservative lower bound of the true ecosystem costs. 
         Calculating the costs of cleanup per gallon by oil spill size requires value estimation, 
since not all of the spill sizes classified by the US Coast Guard had cost estimates in the Cohen 
paper. To address this issue, we use the largest marginal decrease in cost across the Cohen spill 
                                               
27
 United States Coast Guard, “Pollution Incidents in and Around U.S. Waters, A Spill/Release Compendium: 1969-2011,” Released 
December 2012. http://homeport.uscg.mil. 
28
 Cohen, Mark A, “Costs and Benefits of Oil Spill Prevention and Enforcement,” Journal of Environmental Economics and 
Management 2 (1986), 167-188. 
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sizes to estimate the decreases in unit cost for the spill sizes in the Coast Guard data. These costs 
are then multiplied by the number of gallons of oil spilled per spill size in the US Coast Guard 
data set. For categories between two estimates by Cohen, an average of the two cost estimates 
was used. For example, Cohen estimates cleanup costs per gallon for spills of 100-1000 gallons 
at $19.64, and $9.92 for those between 3,000 and 5,000 gallons. The average of these two costs 
is used to estimate costs for spills of 1,000-3,000 gallons. Cohen’s estimates for the costs of lost 
commodity species are adjusted to 2014 USD and multiplied by the annual average total gallons 
of oil spilled. These values are then converted to 2014 USD/mmBTU via conversion factor 
calculations, for a value of $134 USD/mmBTU. While not all crude oil ultimately becomes #2 
fuel oil, general crude oil procurement accounts for a significant part of the supply chain. This 
leads us to believe that our final estimate does not overestimate the true externality costs of oil 
spills for #2 fuel oil. 
4.6 Property Damage 
         Movement of oil on land is subject to hazards and infrastructure failures (primarily of 
pipelines) that impose externalities upon nearby  properties.
29
 In the United States, data for the 
total cost of property damage from pipeline accidents, and the volume of oil transported, are 
available on an annual basis. These costs of property damage, averaged over the years 2009-
2013, are divided by the average number of gallons of oil transported over that same timespan.
30
 
This average cost/gallon is then translated into a cost per BTU, via unit conversions, of 
approximately $0.02 2014 USD/BTU. 
4.7 Climate Change 
         Releases of greenhouse gases (GHG) from the combustion of fossil fuels have impacted, 
and will continue to impact, the global climate.
31
 The location and frequency of extreme weather 
events, local average temperatures, coastline levels, species ranges, and growing seasons, among 
                                               
29
 US DOT Pipeline and Hazardous Materials Safety Administration. “Pipeline Significant Incident 20 Year Trend.” Data as of 
9/25/2015. http://www.phmsa.dot.gov/pipeline/library/data-stats. 
30
 Association of Oil Pipelines. “Barrels Delivered by Transmission Pipeline.” Data as of 2013. http://www.aopl.org/pipeline-
basics/about-pipelines. 
31
 Intergovernmental Panel on Climate Change “Climate Change 2014: Synthesis Report,” 2014, 2. 
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other factors, will be affected by the current and future climate shifts.
32
 While the form and 
severity of these changes remains somewhat unclear, sophisticated climate modeling systems 
have been used to examine a wide range of possible outcomes and their impact upon human 
societies and economic activities.
33
 The social cost of carbon (SCC) aggregates the costs of these 
various changes and provides a monetary cost per metric tonne of carbon-dioxide pollution. 
         The estimated emissions from #2 Fuel Oil combustion, provided by (S+T)
2
, Inc. 
consultants,
34
 are multiplied by the Environmental Protection Agency (EPA) SCC estimate at 
various times along the 5% discount rate pathway in order to provide a SCC, in 2020, of  $4.44 
2014 USD/mmBTU. 
4.8 Conclusion 
 In general, the costs provided represent a lower-bound of the true externality costs, 
because we have only included those values in which we place a reasonable level of confidence. 
Numerous other considerations, such as the value of habitat loss, opportunity costs of dedicating 
resources to fuel production, etc., are not included due to a lack of research and literature on the 
potential cost ranges for these factors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                               
32
 Ibid. 6 
33
 Environmental Protection Agency, “The Social Cost of Carbon,” Data revised 2015. 
http://www3.epa.gov/climatechange/EPAactivities/economics/scc.html. 
34
 Ensyn Energy Consultant Report, 2015, 1.  
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Table 2: Externality Costs for #2 Fuel Oil in 2014 USD/mmBTU 
Externality Cost  
Occupational Health (Worker mortality during oil fuel cycle) $0.03 
Public Health (Respiratory issues and mortality caused by 
particulate matter) 
$5.00 
Crop loss (Value of reduced wheat output as proxy for overall 
costs) 
$2.39 
Oil Spills (Clean-up costs and fisheries damages) $134.00 
Property Damage (via pipeline transport) $0.02 
Climate Change (Social Cost of Carbon in 2020, 5% discount 
rate) 
$4.44 
Total Cost of Externalities for #2 fuel oil $146 
Section 5: Natural Gas 
5.1 Introduction 
         Natural gas is a commonly used energy source whose consumption has grown 
considerably in recent years. Given the overall dependency on foreign imports to supply oil 
energy, natural gas has become a focus of many countries as they seek some form of energy 
independence while still maintaining access to a relatively cheap source of power.
35
 In the 
United States, natural gas has become a major facet of energy use, as hydraulic fracturing, or 
“fracking,” and other extraction processes have been heavily pursued. As a result, natural gas is 
now a major energy source in the United States, as its generally domestic nature and relatively 
low prices have made it an attractive option for a variety of institutions and enterprises.       
Natural gas makes up a large portion of energy use at Bates College, at about 80,000 
dekatherms per year.
36
 The school receives natural gas from a domestic source on a contract 
basis. The terms of this contract are important, as natural gas is generally the primary component 
                                               
35
 Yergin, Daniel. "Congratulations, America. You're (Almost) Energy Independent." POLITICO Magazine. November 1, 2013. 
Accessed November 14, 2015. http://www.politico.com/magazine/story/2013/11/congratulations-america-youre-almost-energy-
independent-now-what-098985. 
36
 Bates Energy Report 2014-2015. 
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of energy generation at the steam power plant used to heat the college during the winter months. 
Given its major impacts on both the energy plan and finances of running the college, considering 
the externalities associated with natural gas use is of primary concern to the Bates community. 
         Many of the assumptions employed in this section considering natural gas externalities 
come from those made in the ExternE report. Considering this is a study from the European 
Commission, the data and the case studies presented rely on European statistics and institutions. 
In this regard, the assumption must be made that the European energy system’s pollution impacts 
and overall economic structure resemble those of the United States. This is a plausible 
assumption, as key countries like the United Kingdom considered in the ExternE report share 
many similarities to the United States in terms of energy source processing and use.
37
 Given this 
similarity assumption, certain externalities are the result of converting the measurements from 
the ExternE report into 2014 United States dollars. 
         The ExternE study evaluates externalities of natural gas as it is used for electricity 
generation. Bates does not use natural gas for electricity generation, but rather for use in its 
steam plant generation facility. We assume that the electricity generation process is similar to the 
steam heat generation process in terms of externalities; the Electrical Engineering Portal supports 
this assumption.
38
 
The following valuation aims to provide a defensible monetary value associated with the 
externalities of natural gas extraction and use, primarily following the methodology and basis of 
the European Commission ExternE report. 
 
5.2 Occupational Health Effects 
         The occupational health effects of natural gas use occur at various stages of the fuel 
cycle, from the extraction of natural gas, the construction and operation of pipeline and power 
plant facilities, and various major events that occur at both these and offshore locations. The 
specific occupational health effects are comprised of minor and major injuries, along with 
associated deaths. The aggregate monetary value associated with these instances represents a 
significant portion of the overall externality costs; occupational risk represents an important 
aspect of considering the true cost of natural gas use. 
                                               
37
 “Regulators’ use of standards.” International Association of Oil and Gas Procedures. March 2010,  45. 
38
 Ramireddy, Vinod. "An Overview of Combined Cycle Power Plant | EEP." Electrical Engineering Portal. August 25, 2012. 
Accessed November 3, 2015. http://electrical-engineering-portal.com/an-overview-of-combined-cycle-power-plant. 
15 
The methodology used to valuate these effects involves multiplying the incident rate of 
injuries and deaths associated with the aforementioned instances by the EPA’s VSL. The 
incident rates used from the ExternE report primarily focus on sites within the United 
Kingdom.
39
 The report considers various facilities and locations over a considerable period of 
time to reach the final incident rates used in this report. It is assumed that these sites are 
comparable to sites in the United States, as a large portion of the infrastructure, processes and 
institutional codes regulating these sites are similar across the two locations.
40
 Moving forward 
with this assumption of similarity, the externality cost associated with occupational health effects 
of natural gas extraction and use totals $3.96 2014 USD/mmBTUs. 
 
5.3 Public Health Effects 
A major component of the externalities associated with natural gas use are health effects 
associated with the release of particulate matter (PM) during the process of combustion.
41
 PM 
byproducts play a role in the development of various respiratory infections and diseases, and thus 
such medical costs represent a direct externality of natural gas consumption. The ExternE 
methodology for this valuation is an analysis of an aggregation of literature regarding disease 
development and natural gas emissions.
42
 This aggregation of data is used to inform how natural 
gas PM emissions affect populations in the United Kingdom, employing a case study 
technique.
43
 The communities exhibited in this portion of the ExternE report are assumed to, on 
average closely resemble North American communities such as Lewiston, Maine. 
The particular public health effects considered encompass a range of costs and disease 
types. The costs include the value of statistical life, which has been adjusted from the European 
Union value of statistical life to the EPA’s value of statistical life, and various hospitalization 
and residual monetary costs.
44
 The instances of disease considered were emergency room and 
hospital visits regarding asthma, COPD, respiratory infection, and childhood croup. The 
                                               
39
 Holland, Mike, Paul Watkiss, and Jacquie Berry. “ExternE Externalities of Energy: VOl. 4 Oil and Gas.”  307. 
40
 “Regulators’ use of standards.” International Association of Oil and Gas Procedures. March 2010,  45. 
41
 Holland, Mike, Paul Watkiss, and Jacquie Berry. “ExternE Externalities of Energy: VOl. 4 Oil and Gas.” Brussels: European 
Commission, 1995; 283. 
42
 Ibid 285. 
43
 Ibid 293. 
44
 “Guidelines for Preparing Economic Analyses.” National Center for Environmental Economics. Environmental Protection Agency. 
2015. Accessed on October 7, 2015. http://yosemite.epa.gov/EE%5Cepa%5Ceed.nsf/webpages/Guidelines.html. 
16 
externality costs associated with these effects were initially given in million of euros per kilowatt 
hour, which was then converted into United States dollars per British thermal unit. The final 
monetary cost of these public health effects is $3.01 2014 USD per million BTUs. 
5.4 Emission Effects 
The ExternE report was not used in the calculation of the monetary costs associated with 
emissions from natural gas as the assumptions needed to apply those values to the United States 
limited the legitimacy and application of those statistics. This was due to the difference in 
environmental regulations, in terms of emission restrictions for power plants between the two 
countries, in which European countries generally exhibit stricter standards. Instead, a report that 
focuses on energy emissions in the United States was used to serve as the basis for this 
methodology. This paper from the University of Massachusetts considers a range of pollutants 
that are emitted from the combustion of natural gas, and follows emission guidelines set by the 
United States Energy Information Administration.
45
 
The study uses a model of the levelized cost of expenses for various power plants to 
reach an external, monetary cost impact of emissions. This process involves considering the 
particular gases emitted from power plants, in addition to their concentrations and the impacts 
they have in regards to climate change and the environment directly.
46
 This results in a number 
that provides a more complete valuation of externality costs than most studies, as it considers 
factors other than just the effects of greenhouse gas emissions. The final number from this study 
is $37.69 2014 USD/mmBTUs. 
5.5 Conclusion 
         There are a number of notable externalities that are not included in this valuation. One of 
these is the impact natural gas use has on terrestrial, freshwater, and marine ecosystems. The 
ExternE report, in addition to the larger body of literature, struggled to valuate these impacts as 
the data and assumptions of causality needed for this methodology ultimately limited its 
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defensibility.
47
 In addition to the limitations of data, it is also incredibly difficult to isolate the 
effects natural gas use has on the environment, when the impacts on these ecosystems are 
comprised of various factors and sources. 
Another major facet that is left out of this report is the direct effect of fracking. Fracking 
has grown rapidly in use in the United States over the past years; however, there is no reliable 
source of information to determine the externality costs associated with this process. Rousu 
details in a literature review that the vast majority of studies regarding the valuation of the 
external costs of fracking are heavily biased, due to the nature of their source and funding.
48
 As a 
result, this report does not include any valuation regarding the process of fracking, as the risk 
associated with providing a biased number would lower the quality and defensibility of this 
study. 
Given that these aforementioned externalities certainly exist, but cannot be included in 
this report due to data and methodology limitations, it is assumed that the value of natural gas 
externalities presented here is in fact a lower bound. This value is a minimum as the most 
conservative estimates from the previous sections have been used in this analysis. 
 
Table 3: Externality Costs for Natural Gas in $USD/mmBTU 
Externality Cost  
Occupational health (injuries and deaths involved in the 
extraction process) 
3.96 
Public health (respiratory infection and disease) 3.01 
Emission effects (cost associated with climate change and 
other effects of emissions) 
37.69 
 
Total cost of externalities for natural gas $44.66 
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Section 6: Biomass 
6.1 Introduction 
While there are many different forms of biomass (or organic matter) suitable for 
providing energy, Bates College currently uses manufactured wood pellets in houses on Frye 
Street. Timber, readily available in the Maine woods, is harvested and molded into pellets under 
heat and pressure; natural plant lignin holds the pellets together without glues or additives. Wood 
pellets contain roughly 7,750 BTU per pound. The pellets are burned in boilers to generate steam 
for distribution within the house’s heating system.
49
 
         Wood pellet boilers are relatively simple systems: a typical installation includes a fuel 
storage silo with an auger system that delivers the wood pellets from the silo to the fuel hopper 
of the boiler. The wood pellets are fed from the fuel hopper through the fuel feed system into the 
combustion chamber. The combustion fan supplies air to the combustion chamber and the 
exhaust is ducted to the chimney through a port at the rear of the system. A wood pellet boiler 
takes more time to maintain and operate than a traditional gas, oil, or electric heating system. 
The weekly maintenance needed includes emptying the particulate containers, and monitoring 
control devices to check combustion temperature, stack temperature, and fuel consumption. 
Boiler operation settings and alarms, such as those that alert a problem with particulate matter 
buildup, must be checked as well. A study done by the Massachusetts Division of Energy 
calculated that on average a wood pellet boiler system equates to roughly 15-30 minutes per day 
of physical human maintenance over the entire heating season.
50
  
Bates College uses an average of 40 tons of biomass wood pellets per year to heat Chase 
House and 18 and 20 Frye Street. Bates College would need 5,000 tons of biomass wood pellets 
to power the College’s central steam plant. Heutz Pellet Systems, Bates’ current supplier, 
procures timber from logging areas in the Maine woods and transports it to various pellet 
manufacturing buildings in the state. Wood pellets are most cost effective when the distance by 
road between the manufacturer, distributor, and customer is fewer than 50 miles.
51
 Presently, the 
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Bates College biomass system satisfies this criterion. The wood pellets are delivered in trucks to 
an outdoor silo on Frye Street; the pellets are discharged from the silo and conveyed to the boiler 
as needed, using automatically controlled augers to provide the right amount of fuel to meet heat 
demand. Some particulate matter escapes through a chimney, while some collects inside the 
boiler.  
Key externalities of biomass occur in extraction, transportation, and combustion. 
Extraction related externalities include greenhouse gas emissions from the logging machinery, 
and soil erosion. Transportation related externalities include the impacts of greenhouse gas 
emissions from trucking logs from the forest to Heutz Pellet Systems and then to Bates College. 
The primary combustion impacts are the health effects from particulate matter emissions. 
The externality figures calculated should not be taken as absolute values due to 
uncertainty in calculations,  and the existence of other externalities for which no monetary values 
have been estimated. However, the externality results included are considered to be accurate 
estimations of key social and environmental costs of biomass energy generation.  
6.2 Public Health Effects 
A key externality associated with the burning of wood pellets is the health effects caused 
by the particulate matter emitted during the combustion process. Most of the particulate matter 
produced by burning wood pellets is accumulated in the boiler, and can be disposed of in the 
environment without any negative effects. However, some nitrogen oxides, carbon monoxide, 
organic gases, and particulate matter does escape through the chimney and has adverse human 
health effects. Biomass academic research focuses on the externalities from particulate matter; 
effects of the other pollutants are considered negligible. Particulate matter has been linked to 
increases in respiratory issues such as asthma, heart disease, and certain cancers.
52
 
The effects of particulate matter on public health are determined by means of the dose-
response functions proposed by the ExternE Project.
53
 The valuation methodology is derived 
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from the confidence interval of the dose-response functions, but it can not be considered as a 
confidence interval for the value itself, as there are other uncertainty sources which have not 
been accounted for. Included in the externality calculation is the value of life, as the mortality 
effect dominates the results. In addition, the externality calculation does not consider the 
externalities associated with the nitrogen oxides, carbon monoxide, and organic gases emitted. It 
should be noted that only particulate matter emissions from power generation have been 
assessed, with the rest being considered negligible or too difficult to determine. While the study 
provides a range for the health affect valuations, in the interest of highlighting the difference 
between fossil fuels and renewables we only use the upper bound estimate in our externality 
calculation for renewables. Therefore, the above value should be considered a “worst case” 
estimate for the total health damages. The externality costs associated with the human health 
damages calculated by Sáez et al.were initially given in euros per kilowatt hour, which was then 
converted into United States dollars per British thermal unit.
54
 The final monetary cost of the 
public health effects is $.15 2014/mmBTUs. 
6.3 Soil Erosion 
Numerous externalities arise from the environmentally disruptive extraction of lumber 
via logging operations. These include loss of nutrients, erosion, alkalinization of irrigated land, 
changes in the landscape and ecosystems, soil compaction, and loss of biodiversity. Ultimately 
the nature and magnitude of these impacts will be a function of how carefully larger scale, 
energy-dedicated biomass extraction is implemented. The value calculated by Sáez et al. is based 
on the assumption that the land is bare most of the rainy season, and that erosion of the area 
studied is quite significant.
55
 The externality costs associated with the soil erosion environmental 
damages were initially given in euros per kilowatt hour, which is then converted into United 
States dollars per British thermal unit. We used the upper bound value for the range provided in 
the study.
56
 The final monetary cost of soil erosion effects is $6.19 2014 USD/mmBTUs. 
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6.4 Climate Change 
The assessment of the climate change externality requires the determination of the net 
CO2 emissions of the whole biomass fuel cycle. These net emissions have been estimated to be 
zero, or even negative. However, the negative values are still controversial, since the role of 
biomass crops as carbon sinks has not yet been widely recognized. Thus, the value adopted here 
for the whole fuel cycle will be zero, as we assume that the carbon fixed in the soil will 
compensate the CO2 emissions of other fuel cycle stages. Therefore, it is considered that there is 
no damage due to global warming from the biomass fuel cycle.  
The ExternE Project claims that the Biomass fuel cycle has net emissions estimated to be 
zero. However, when analyzing the methodology of the ExternE study it makes sense to 
calculate the social cost of carbon associated with the transportation of the lumber from the 
woods to the generator and then to Bates College. We have not included the externality costs 
associated with the emissions generated by the logging machinery because of the absence of 
academic research in this field. Without the calculation of the externality associated with lumber 
machinery emissions the value calculated is a more conservative estimate. We used the 5% 
discount rate for the social cost of carbon emissions, which is generally considered as a larger 
discount rate for the social cost of carbon. This suggests that the value calculated is the largest 
possible estimate for the climate change externality associated with the transportation of 
biomass. The monetary value for the social cost of carbon was $9.16 2014 USD/mmBTUs.   
6.5 Conclusion 
The biomass externality figures should not be taken as absolute values, because of the 
uncertainties involved, and the existence of other externalities, which cannot be valued. These 
unevaluated externalities include the impact of climate change from the emissions of the lumber 
extraction operations, the human health hazards from the non-measured pollutants emitted during 
the combustion stage, and logging workplace fatalities. With the omission of these externality 
values our externality calculations can be considered underestimates.    
In spite of the uncertainties underlying the analysis, it appears, when externalities are 
taken into account, the values associated with biomass are significantly lower than #2 fuel oil 
and natural gas. Biomass has a total externality cost per mmBTU of $15.51 2014 USD, while the 
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#2 fuel oil and natural gas externality costs per mmBTU are respectively $146 and $44.70. The 
internalisation of these externality costs would mean that the market price for biomass energy 
should be significantly lower than #2 fuel oil and natural gas. Our results would imply that the 
demand for biomass energy should be larger than for natural gas and #2 fuel oil. However, the 
initial fixed cost of roughly $6 to $11 million for the construction of the biomass system is a true 
barrier for the increased implementation of biomass. 
57
 
 
 
Table 4: Externality Costs for Biomass in $USD/mmBTU 
Externality Cost 
Public Health (Respiratory issues and mortality caused by 
particulate matter) 
$.15 
Soil Erosion (Value of lost soil from lumber extraction 
operations) 
$6.19 
 
Climate Change(Social Cost of Carbon in 2020, 5% discount 
rate) 
$9.16 
Total Cost of Externalities for Biomass  $15.51 
Section 7: Renewable Fuel Oil 
7.1 Introduction 
 Renewable Fuel Oil (RFO) is a wood-based oil material that can be combusted to 
produce heat energy. RFO comes from the processing of Rapid Thermal Pyrolysis (RTP); for 
more information about RTP see Appendix A. One of the leading companies developing RTP 
systems is Ensyn, a 20+ year old company that has been producing RFO more commonly known 
as the barbecue flavoring additive“liquid smoke.” Within the past 5 years, Ensyn has ventured 
into the market of heating and energy systems, marketing the same liquid fuel for heating instead 
of food based additives. The energy content of RFO stands around 64,500 BTUs/gallon.
58
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         Due to its many advantages, RFO is gathering traction across multiple industries for 
heating and electricity as the treatment system is small-scale so it can be engineered in small 
warehouses, and the reaction to produce the fuel is simple.
59
 One of the advantages to RFO is 
that the feedstock can come from any otherwise-wasted biomass cellulosic material. Normally, 
items like palm leaves, corn husks, or scrap branch material are wasted or composted. Instead, 
RTP technology gives this material a new purpose. RFO has the same chemical properties as 
conventional fuel oil, so it is easy to implement in most conventional dual fuel oil-natural gas 
boiler heating systems with little mechanical change.
60
 RFO is a high energy content liquid fuel 
that possesses similar chemical properties to conventional fuel oil #4, and can thus be transported 
using current liquid fuel infrastructure with minimal changes. In the long term, this fuel may be 
an excellent alternative to current liquid fuel technologies and can play a role in helping shift the 
United States infrastructure off of fossil fuels.
61
 
An additional advantage to RFO comes from the RTP chemical treatment process. Within 
the RTP chemical treatment process, the non-condensable gas leftover at the end of the treatment 
is recycled to provide lift for reacting the heated sand and dried biomass. Over time, as non-
condensable gas increases in the anoxic system, the gas needs to be released. Ensyn uses this to 
their advantage by selling this excess gas to consumers. This gas can also be run through an 
afterburner to a steam turbine system to generate power for nearby towns and facilities.
62
 A third 
purpose is the gas can be burned in a steam boiler and used to heat the plant facilities or nearby 
buildings.
63
 
7.2 Climate Change 
One of the leading research groups looking into the sustainability and externalities 
associated with RFO is Pacific Northwest National Research Laboratory (PNNL). The current 
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literature states that the only major externality associated with RFO is during the transportation 
of the fuel from the treatment facility to the customer.
64
 When RFO is burned in a boiler system, 
the emission byproduct gases include CO, NOx and SOx. However, these byproducts are in such 
small concentrations (0.013, 0.25, and 0.0002 parts per million) that they can be fully diluted 
through global chemical reduction reactions. This is further supported by the United States EPA 
as Ensyn Technology’s patented RFO is certified as a renewable fuel source given meets all of 
the requirements of the Renewable Fuel Source Standards of 2013.
65
 
Currently, RFO is transported from the closest chemical treatment facility to the customer 
via tractor trailer similar to how gasoline and other conventional fossil fuels are transported when 
not by pipeline. For Bates College, RFO will be transported from Ottawa Canada to Lewiston, 
Maine. In order to determine the externality associated with transporting RFO, some assumptions 
were made to find the final cost. Assumptions were based on legislation regarding weight of 
tractor trailers and the fuel efficiency of the average tractor trailer. The total number of gallons of 
RFO an 18-wheeler can carry from Ottawa Canada to Bates College is 6000 gallons and 
according to the EPA, an 18-wheeler traveling approximately 100 miles produces 75.54 metric 
tonnes of CO2.
66
 An additional externality found to be non-existent given current academic 
thought involved the char/ash byproduct produced during the chemical treatment process. It was 
found after additional research however that this byproduct can be used as a fertilizer in gardens 
as it is entirely composed of carbon.
67
 There was an attempt to calculate the externalities 
associated with the harvesting and transporting of the cellulosic material, however there was 
minimal literature. It was concluded that this externality would not be calculated given if there 
was an attempt, the amount of assumptions required would lead to tremendous inaccuracies. Our 
final SCC value for RFO is $8.45 2014 USD/mmBTUs. 
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7.3 Conclusion 
The RFO figures should not be taken as absolute values because of the uncertainties 
involved, and the existence of other externalities, which cannot yet be valued due to lack of 
literature. The potential externalities not currently valued in academic literature or research labs 
include harvesting secondary wood materials such as branches, and human health hazards from 
harvesting said wood materials.
68
 With these externalities not included, the final calculations in 
this report can be presumed to be underestimates. 
From our findings the values associated with RFO are much lower than natural gas and 
#2 fuel oil. This implies that the prices for RFO energy should be lower than those of energy 
from fossil fuels when these externalities are internalized, which could cause RFO to have higher 
demand than natural gas and #2 fuel Oil.
69
 Furthermore, a recent press release stated that the 
EPA has given approval pursuant to Title 40 CFR Part 79 promulgated under the Clean Air Act, 
required for the sale of RFGasoline into U.S. Commerce. This same approval was given to 
Ensyn’s RFDiesel product as well. In the long term, this means that Ensyn transportation 
vehicles will run on renewable gasoline and diesel products. By running on this new fuel, we can 
hopefully see a further decrease in the transportation externalities associated with RFO.
70
 
 
Table 5: Externality Costs for RFO in $USD/mmBTU 
Externality Cost  
Climate Change (transportation emissions, 5% discount rate) $8.45 
 
Total cost of externalities for RFO $8.45 
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Section 8: Discussion 
The findings presented here suggest that the market costs Bates College pays to consume 
energy fail to account for all costs associated with such consumption; energy consumption, 
particularly our dependence on fossil fuels, is likely higher than what is socially and 
economically efficient under an accurate cost structure. For #2 fuel oil and natural gas, the 
externality costs are 980% and 233% greater than the market costs, respectively. These 
substantial increases in cost reflect the severity of the externalities as well as a fossil fuel market 
failure, where costs to consumers do not mirror the complete costs of production. Even if the 
numbers presented in this report carry inaccuracies up to two orders of magnitude, including 
these costs still significantly alters the perception that fossil fuels represent the most 
economically efficient energy source.  
Furthermore, externalities included here reflect only those for which monetary estimation 
techniques exist and have been well reviewed. Even though we have not estimated economic 
values for externalities that lack a vetted methodology, they still exact real costs locally and 
globally. Internalizing the externalities calculated here within the college’s energy choice 
decisions would provide an opportunity to modify the current fuel source allocation in a way that 
takes into account all the environmental, economic, and social variables in play. 
Given these findings, the RFO fuel source seems a more efficient option for the central 
steam plant than either fossil fuel, and (due to lower conversion costs of approximately $1 
million 2014 USD versus upwards of $7 million 2014 USD), also more cost-effective than a 
wood pellet boiler.  
         Acknowledging the energy externality costs calculated here, and acting upon this 
information, can help Bates continue to nurture a community for “coming times,” with citizens 
who value equality and positive change. Our energy choices have global consequences, yet these 
consequences occur due to choices at the institutional level. Initiating an open dialogue around 
the effects of our energy footprint supports a “commitment to responsible stewardship of the 
wider world.”
71
 Our aim in producing this research is to provide context and knowledge to make 
conversation possible and productive.  
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This paper provides the social cost benefit analysis that estimates both the private and environmental 
costs of a biomass market in Netherlands and France. The study will be used to cross reference the 
externalities found in the Netherlands to the current Bates College Biomass energy system. 
Appendix A: 
An In-Depth Description of the Chemical Process of RTP to Produce RFO: 
The RTP reaction begins with wet biomass being fed into the treatment system from a 
large vat. As the material enters the first transport pipe, hot flue gas from the continuous RTP 
reaction is used to dry the wet biomass and pushes it down into a second vat. When the biomass 
enters the conversion vat, hot sand at approximately 900 to 1000 degrees Fahrenheit is released 
from the bottom of a sand reheater, pushes the biomass up a vent, and reacts with the biomass to 
make pyrolytic vapor. Unconverted biomass becomes a powder-like charcoal. It is important to 
distinguish this event as a reaction and not combustion as there is no oxygen present to combust 
the biomass. The sand and charcoal are separated from vapor stream in a cyclonic separator. The 
solid material is transferred back to the sand reheater. In the sand reheater, the charcoal is 
combusted in a bubbling bed to reheat the sand. Flue gas carries ash overhead to a collection 
system. After depositing the ash, the flue gas is reused to dry out more wet biomass. Clean, hot 
sand is transferred from the sand reheater back to the biomass converter. The pyrolytic vapors 
are then sent down a pipe fed into a condenser. In this vat, there is a copper coil pipe with cold 
water inside. When the hot pyrolytic vapors come into contact with the cool copper pipe, the heat 
is drawn out of the vapors and is liquefied. The water in the coil absorbs the heat and is piped out 
to a coolant system. The leftover condensed pyrolytic liquid is the final bio-oil product to be 
loaded and transported to the customer and used for various purposes.  
